The effects of warming on autumnal growth cessation and bud formation in trees remain ambiguous due to contrasting observations between a range of studies under controlled conditions and field experiments. High night temperature has been reported to advance growth cessation and bud formation in several tree species grown under controlled conditions. On the other hand, some recent field experiments have shown that autumn warming delays bud formation, although the temperature parameters that could account for this effect have not been identified. In addition, dioecious species have been shown to respond differently to environmental change, and differential warming effects on the sexes have received limited attention, even more so in relation to phenology. In a data set including three separate field experiments employing either experimental warming or an elevational gradient, we tested the effect of different temperature parameters on apical, vegetative bud formation and transitions between bud stages in female and male clones of Eurasian aspen (Populus tremula). Increased temperature was found to delay bud formation, and this process was best explained by maximum daily temperature. Males were significantly delayed compared with females in forming green closed buds, a process best explained by mean 24 h temperature. Bud maturation was best explained by mean daytime temperature, and buds matured significantly faster in males than in females, possibly explaining why females and males did not differ in terms of overall bud formation. In conclusion, our data show that delayed bud formation in Eurasian aspen during autumn can be attributed to the effect of high temperature, and this effect is in contrast to most of the evidence from studies of bud development in controlled environments.
Introduction
The ongoing rise in global temperatures has stimulated research on possible effects on plant phenology (Steltzer and Post 2009, Körner and Basler 2010) . Trees in temperate and boreal climates are characterized by alternating growth and dormancy following a seasonal pattern, and higher spring and autumn temperatures are expected to extend growing seasons. In terms of spring phenology, these predictions match field observations across Europe (Menzel et al. 2006) .
However, plants growing at high latitudes do not solely respond to temperature (Junttila 2007 , Olsen 2010 , Olsen and Lee 2011 . This has been most evident for autumn phenology of coniferous and deciduous tree species exhibiting a free growth pattern, and was for decades primarily attributed to the effects of shortening photoperiod past a certain critical day length (CDL) (Kramer 1936 , Vaartaja 1954 , Wareing 1956 , Nitsch 1957 , Weiser 1970 . However, there is also evidence on modulating effects of temperature, particularly from more recent years (Tanino et al. 2010, Hänninen and Tanino 2011) . In addition, light quality is also an important environmental signal for highlatitude populations of boreal tree species (Junttila and Kaurin 1985 , Clapham et al. 1998 , Tsegay et al. 2005 , Mølmann et al. 2006 , Opseth et al. 2015 . As autumn phenology depends on interactions between photoperiod, temperature and the spectral composition of light, these interactions should also be taken into account when predicting warming effects.
Considering the available scientific literature, effects of autumn warming on tree phenology remain ambiguous, possibly due to several reasons. Firstly, northern and southern ecotypes may react differently to autumn warming (Dormling et al. 1968) , and temperature effects on tree phenology have been found to interact with photoperiod (Søgaard et al. 2008 , Tanino et al. 2010 , Olsen et al. 2014 ). Secondly, the available studies often consider different aspects of autumn phenology, as this is a process consisting of several stages such as growth cessation, bud formation and development, dormancy induction and cold hardening. Even though these stages are interconnected, they involve different signalling pathways and sets of genes , Ruttink et al. 2007 ). Thirdly, the majority of studies on autumn phenology in trees have been performed under indoor, controlled conditions with constant temperatures and artificial light. This implies that the relationships between temperature and autumn phenology should be further tested under natural conditions with fluctuating temperatures and gradually altering light conditions. Some studies on autumn phenology have included moderate variation between day and night temperatures (Heide 2003 , Junttila et al. 2003 , Søgaard et al. 2008 , Kalcsits et al. 2009 , Tanino et al. 2010 . A study of Norway spruce (Picea abies) showed that the effect of day temperature under short days (SD) on bud formation and subsequent bud break was modified by night temperature in a complex way (Olsen et al. 2014) . Based on available literature on climate effects on plant phenology, Hänninen and Tanino (2011) stated that night temperature is generally considered to alter growth cessation. Even if these findings suggest that the variation between day and night temperatures affects autumn phenology, the controlled, stable conditions in which plants were kept indoors are fundamentally different from natural environments with fluctuating temperature conditions.
In a field study with poplar (Populus × spp.), Rohde et al. (2011a) observed that temperature modulates the SD-induction of autumnal bud formation, with warming lowering the CDL for the initiation of bud formation. We found that an enhancement of temperature (+1.3º C) using infrared heating lamps in the growing season, including autumn, delayed bud formation in the dioecious Eurasian aspen (Populus tremula), with males being more responsive to warming than females (Strømme et al. 2015) . Different responsiveness to environmental change between sexes has been observed for several species belonging to the Salicaceae (Dawson and Bliss 1989 , Zhao et al. 2009 , Nybakken et al. 2012 , Nybakken and Julkunen-Tiitto 2013 . As global warming affects climatic regimes in complex manners, there is concern that there may be sex-related differences in responses, such as shifting sex ratios in natural populations (Tognetti 2012) . Since brief temperature drops to subzero levels are more common with increasing latitude and elevation, delayed bud formation in males could thus involve lower protection in shoot tips against frost damage than for females.
To address the role of specific temperature parameters on autumn phenology and to test whether the sexes as well as transitions between different bud developmental stages are differently affected, we used data from field experiments with Eurasian aspen grown under different temperature regimes. In the modulated warming experiment reported in Strømme et al. (2015) , warming was obtained with infrared heaters, and the overall effect of temperature was tested using two levels (enhanced and control). In the study presented here, we used a novel approach and investigated how different aspects of temperature (i.e., temperature fluctuations) affect bud formation in autumn. We combined data from the field experiment reported in Strømme et al. (2015) with data originating from two field experiments performed in Central Norway in 2013 and 2014. In these two latter studies, plant material of the same origin as in Strømme et al. (2015) was planted along a natural elevational gradient, yielding different temperature regimes. In the three field experiments, we recorded temperatures for each temperature regime every 10 min, allowing the extraction of a range of temperature parameters from the field recordings. The effect of these temperature parameters was tested as continuous terms in statistical models to predict observed apical stages during bud formation in autumn. Considering that modulating effects of temperature on photoperiodic responses have been shown in previous studies, where plants have been grown under constant day and night temperatures (Søgaard et al. 2008 , Tanino et al. 2010 , Olsen et al. 2014 , we tested whether temperature effects on phenology in Eurasian aspen were best explained by maximum, minimum or mean temperature during day and night or the entire 24 h cycle.
Materials and methods

Plant material
Plantlets used in the three field experiments originated from six female and six male aspens located in Southern and Eastern Finland. For a thorough description of sampling locations, micropropagation of individuals and growth conditions, see Strømme et al. (2015) . Procedures for acclimation of potted plantlets differed between the experiments. In Experiment 1 established in Joensuu (62°60′N, 29°75′E) in 2012, in vitro-propagated plantlets were potted into 1 l pots filled with 70% non-fertilized peat and 30% vermiculite, and kept in a greenhouse between 2 May and 7 June prior to planting in the field. In Experiment 2 established in 2013, plantlets were potted on 4 June and planted in the field on 4 July, while in Experiment 3 in 2014 plantlets were potted on 10 June and planted on 24 June.
In Experiments 2 and 3, plantlets were potted using 70% non-fertilized peat and 30% vermiculite and kept in growth chambers for acclimation prior to planting in the field. Plantlets were kept under 230 ± 10 µmol m −2 s −1 and a red:far red (R: FR) ratio of 1.6 ± 0.1 provided by 400 W Philips MASTER HPI-T Plus metal halide lamps (Royal Philips, Amsterdam, Holland) and incandescent light bulbs. Photosynthetic active radiation (PAR) was measured using a LI-250 Light Meter with an attached Quantum Sensor (LI-COR, Lincoln, NE, USA), while R:FR ratio was measured using a Sky 100 radiometer with an attached 660/730 nm sensor (Skye Instruments, Llandrindod Wells, UK). The first days after potting, the plantlets were kept under a semitranslucent plastic sheet, which was gradually removed. This provided a gradual climatic shift in terms of irradiance and relative air humidity (RH). In the growth chambers, temperature and RH were 20°C and 75%, respectively, and progressively lowered to 16°C and 65% over 7 days in 2013 and 4 days in 2014 to allow acclimation to lower temperature and RH.
Experimental set up
The field experiment was established in Joensuu, Eastern Finland (62°60′N, 29°75′E). This was a modulated enhancement experiment where temperature was increased to 1.35 ± 0.042°C of ambient levels using infrared heaters. There were six temperature enhancement and six control plots containing female and male plantlets, in total 60 in each. The enhancement system was run between 1 June and 1 October 2012. For a full description of the setup for this experiment, see Strømme et al. (2015) . Experiments 2 and 3 were established in Fåvang, Central Norway (61°27′N, 10°11′E) along the eastern side of the Gudbrandsdalen valley. Each location was a pasture selected with the aim of having three sites at different elevations along a natural gradient while keeping irradiance, precipitation and soil conditions as similar as possible. Selected sites were located at 237, 575 and 830 m above sea level (a.s.l.). Large herbivores were excluded from each location using a 2.5 m metal wire fence. In 2013, five 180 × 120 m 2 plots per location were set up by removing the uppermost 10 cm of soil, in addition to rocks in the exposed sublayer. The removed materials were replaced by 10 cm of FLORALUX peat compost (pre-limed and pre-fertilized) (Nittedal Torvindustri, Arneberg, Norway). In each plot, 40 Eurasian aspen plantlets consisting of female and male clones were planted in five rows containing eight plantlets each. Minimum spacing between each plantlet and closest neighbouring plantlet was 20 cm. In 2014, four new plots were established within each of the same fenced locations. Dimensions of the new plots were 140 × 80 cm 2 , as the number of plantlets per plot was reduced to 20. Plantlets were distributed among three rows while keeping the same minimum spacing as the previous year. The plantlets used in Experiments 2 and 3 were obtained through micropropagation of the same clones used in Experiment 1. As growth rates and ease of propagation in vitro varied among clones (see Tables S1 and S2 available 
Recording of apical stages
In all three studies, we used the scoring system for autumn phenology described in Strømme et al. (2015) , which is a simplified version of the scoring system developed by Rohde et al. (2011b) . The three-stage system used for scoring apices during autumnal bud formation discerns between three stages; growing apex with score 1, green bud having closed bud scales with score 0.5 and brown/red mature bud with score 0. The apical stages for each plantlet were determined throughout the growing season by observing the terminal end of the primary shoot. As the apices were located on the primary shoots, branches were not considered. In situations where green closed buds broke in autumn and apices resumed growth, apices were scored as growing. In all three experiments, some plantlets were affected by Venturia shoot blight, grazed upon by intruding herbivores or broken by mechanical damage, and were therefore not included in the apical scoring. Thus, apical stages were recorded only for healthy plantlets introduced during the same growing season, and the numbers of plantlets scored were 251 females and 241 males in 2012, 175 females and 205 males in 2013, and 85 females and 140 males in 2014 (see Tables S1 and S2 available as Supplementary Data at Tree Physiology Online for number and dimensions of scored clones). In 2012, the first apical scoring was performed on 15 August, while for 2013 and 2014 the first apical scoring occurred on 20 and 28 August, respectively. Thus, the number of days between planting in the field and the first apical scoring was 69 in 2012, 47 in 2013 and 65 in 2014.
Temperature data
In all three experiments, temperature was recorded every 10 min. using encased sensors. However, there are some gaps in the temperature data series for 2012 and 2013. The enhancement system was inactive between 13 and 18 September 2012. In addition, some data-loggers malfunctioned before 28 August and after 22 September 2013.
Recording of temperature yielded data series for enhanced temperature and control treatments in 2012, and for each of the three locations used in 2013 and 2014. For each year, temperature series were combined with daily local time points for sunrise and sunset, allowing separation of day and night temperatures. Mean, minimum and maximum temperatures were calculated for each interval between apical scoring dates. These calculations provided us with nine different temperature predictors for bud development: mean 24 h, minimum 24 h, maximum 24 h, mean daytime, minimum daytime, maximum daytime, mean nighttime, minimum nighttime and maximum nighttime temperature. Since maximum temperatures on a 24-h basis only occurred at daytime, we omitted maximum 24-h temperature from the model selection process. This substitution was not done in relation to minimum temperatures, as minimum temperatures on a 24 h basis in some instances also occurred during daytime, possibly due to shifts of wind direction and speed.
Statistical analyses
All tests of effects on apical stages were performed using cumulative link mixed models (CLMM) in R (R Development Core Team 2015) applying the CLMM function in the Ordinal Package (Christensen 2013) . Cumulative link mixed models are mixed models where the response variable is categorical, which is suitable for the categorical bud data collected in the field experiments. Temperature predictors were used to test their effect on overall bud development (all three stages), appearance of closed green buds (transition from full growth to closed green bud) and bud maturation (transition from closed green bud to mature brown/ red bud) while keeping the remaining model structure the same for all models. In the analyses, data from all three field experiments were pooled together. Considering that temperatures were modified differently between the warming experiment and the natural gradient experiments, namely by modulated increase (Joensuu) in 2012 and by elevation (Fåvang) in 2013 and 2014, the pooling of all data for these analyses can be done since temperature variables were used to predict the apical stages. These temperature variables varied between climatic regimes (determined by warming treatment or elevation) and between recording dates in each year. Performing mixed model analyses allowed us to test the effects of temperature parameters while also accounting for the variation of other climatic conditions. Using plot as a random factor nested under experiment controls for unobserved differences in climate and edaphic conditions between plots and the years, the field experiments were performed. Futhermore, since there was a marginal difference in terms of latitude between experimental sites in Finland and Norway, differences in terms of photoperiod were assumed to be negligible. As plant materials from different populations were used, we set clone identity as a random factor in order to control for the effects of genetic background and acclimation to local climates where materials were sampled. Analyses of closed green bud appearance and bud maturation were performed using subsets of the bud development data to test which temperature predictor could best explain transitions between different stages of bud development. In addition to a single temperature term, each model also included plantlet sex (two levels) and its interaction with temperature, and also plant clone (random term) and plot nested under experimental year (random term).
Models were compared and ranked based on Akaike information criterion corrected for finite sample sizes (AICc) in R using the model.sel function in the MuMIn package (Barton 2015) . The most parsimonious models for overall bud development, appearance of green closed buds and bud maturation were identified using a ranking of models based on AICc, adopting a ΔAICc threshold of 2 (Burnham and Anderson 2002), and models were finalized by the removing non-significant terms based on AIC.
Results
Mean values for daily mean, maximum and minimum temperatures varied between years and experimental treatments (Table 1) . Mean daytime irradiance was slightly lower at 275 m a.s.l. in 2013 as compared with higher elevations (Figure 1 ). These differences were reduced in 2014, as some surrounding vegetation was cleared at 237 m a.s.l. in early 2014 ( Figure 1 ). As there are no available irradiance measurements from the enhancement experiment in 2012, we were unable to compare irradiance levels between this experiment and the elevational gradient experiments performed in 2013 and 2014.
Overall bud development, appearance of closed green buds and bud maturation were best explained by daytime maximum, 24 h mean and daytime mean temperature, respectively (Table 2) . For the appearance of closed green buds, the second-most parsimonious model had only slightly higher AICc (1.94) ( Table 2) , indicating only small differences between the models ranked first and second. Overall bud development includes all three buddevelopment stages recorded in the field studies, covering the transitions from a growing apex to a mature brown/red bud. Throughout late summer and autumn, plantlets grown in warm conditions delayed bud development (P < 0.001) (Table 3, Figure 2) . Compared with the enhancement experiment in 2012, the elevational gradient experiments in 2013 and 2014 yielded higher differences between treatments in terms of temperature levels and bud development (Figures 2 and 3) . Considering the elevational gradient experiments, bud development varied substantially between 2013 and 2014, as plantlets in 2014 had a delayed bud development compared with the year before ( Figure 2 ). These differences are clearly visible around day 265 (22 September), where most plantlets at 575 and 830 m a.s.l. had formed mature buds in 2013, while the corresponding mean bud stage for 2014 was reached around day 280 (7 October). In 2013 and 2014, bud development was delayed at all elevations compared with the modulated warming experiment in 2012. Furthermore, several plantlets that had developed closed green buds in 2014 resumed growth through the emergence of new leaves from the buds. As a result, the apical stage scores increased at Days 259 (16 September) and 266 (23 September in 2014) (Figure 2) . When testing the effects on the appearance of closed green buds, which involved the first and second bud development stage, temperature had a delaying effect that was significantly stronger in males compared with females (P = 0.004) ( Table 4) .
Testing of the effects on bud maturation considered the second and third bud development stage. Mean daytime temperature delayed bud maturation, but this effect was significantly lower for males (P < 0.001), indicating more rapid bud maturation in males than females (Table 5) .
Discussion
In young individuals of most high-latitude tree species, autumn bud phenology in response to photoperiod and light quality is modulated by temperature (Olsen 2010 , Tanino et al. 2010 , Olsen and Lee 2011 . Our data from field experiments, where temperatures fluctuate, show that maximum day temperature is the temperature variable that best explains overall bud formation in Eurasian aspen (Tables 2 and 3 ). In contrast, a survey of available literature on different tree species in controlled conditions, including species and hybrids of Populus, suggests that high night temperature is the most important temperature variable affecting growth cessation (Hänninen and Tanino 2011) . Interestingly, we found that maximum night temperature was the least parsimonious temperature parameter in the statistical tests (Table 2 ). In some of the studies referred to by Hänninen and Tanino (2011) , bud development was recorded ( Van der Veen 1951 , Heide 1974 , Downs and Bevington 1981 , Granhus et al. 2009 ), while other studies considered growth cessation by measuring stem height (Håbjørg 1972 , Dormling 1989 , Kalcsits et al. 2009 , Tanino et al. 2010 . Even though they are interconnected, growth cessation and appearance of a terminal vegetative bud are different processes separated in time. In addition, as the duration of the different processes may be affected by environmental conditions (as further discussed later), comparison of different studies recording different aspects of autumn phenology are not necessarily straight forward. We found that increased temperature had a delaying effect on bud formation, given the negative coefficients for temperature in the cumulative link mixed models (Tables 3, 4 and 5). A previous study has also shown that autumn warming delays bud formation in poplar, an effect that was attributed to temperature modulation of the actual CDL for bud formation (Rohde et al. 2011a) . Correlation coefficients for day length and temperature data from sites in 2014 were 0.72 at 237 m a.s.l., 0.64 at 575 m a.s.l. and 0.57 at 830 m a.s.l. Due to this collinearity, day length was not included in our models, which is in line with recommendations on dealing with collinearity Zuur et al. (2010) .
Overall bud formation for all three apical stages was best explained by maximum day temperature, while green bud appearance and bud maturation were best explained by mean 24 h and mean day temperature, respectively (Tables 4 and 5). As temperatures in natural conditions fluctuate, the effect of 24 h mean temperature on the appearance of green buds could be explained by a combination of high and low temperature effects. It has been shown that low night temperature can induce bud formation in hybrid aspen under controlled conditions Tree Physiology Online at http://www.treephys.oxfordjournals.org ). However, it should be noted that the differences in AICc between mean 24 h and maximum day temperature models were marginal (only 1.94) ( Table 2) . High temperature may delay the appearance of closed green buds through modulation of CDL sensing (Rohde et al. 2011a ). The effect of mean daytime temperature on bud maturation could also be related to opposing effects of high and low temperature. Still, when considering overall bud development, the process was most delayed in 2014 at 237 m a.s.l., where maximum daytime temperature was higher than any treatment in 2012 and 2013, but minimum temperature was lower than for both treatments in 2012, which was the year when plantlets formed buds the earliest in the entire study. Therefore, our data suggest that maximum temperature has a stronger effect on bud formation than low temperature.
Male plants responded more strongly to experimentally increased autumn temperatures than females (Strømme et al. 2015) . When combining data from the elevational gradient in 2013 and 2014, we did not find a significant interaction between temperature and plant sex predicting overall bud development. However, when performing separate analyses of closed bud scale appearance and bud maturation, both models include significant interactions between temperature and plant sex. On one hand, the appearance of closed green buds was significantly more delayed in male compared with female plants (Table 4) . On the other hand, while considering bud maturation, male plants were significantly less delayed than females (Table 5 ). This may explain why the sexes did not respond differently to temperature in terms of overall bud formation. Furthermore, the higher responsiveness of males to temperature in 2012 described in Strømme et al. (2015) may thus have been a result of a strong delay in the appearance of green closed buds, yielding an overall delay for males. In the scoring system used in Strømme et al. (2015) and this study, the first bud stage (score 1) is a merging of five stages described by Rohde et al. (2011b) . These five stages precede the appearance of closed bud scales, and one of these stages is visible after the plant has sensed the CDL. It is possible that the stronger delaying effect on formation of green, closed buds in males reflects a higher susceptibility of male plants to temperature modulation of CDL sensing, as this effect was only found for the transition between the first and second stage used in this study.
In the three field experiments, bud formation, expressed as bud scores, was delayed throughout the autumn for elevated temperature treatments (Figure 2) . However, abrupt transitions in bud scores after Day 244 (1 September) in all three years indicate that CDL had been sensed by the plants. The difference in latitude between Joensuu and Fåvang involves a 7-min difference in daylength on 28 August. As both locations have similar photoperiodic conditions, the observed differences in bud formation between years could largely be attributed to temperature fluctuations. Compared with the 2 previous years, mean 24 h and day temperatures were somewhat higher in 2014 (Figure 3) . Indeed, bud formation was more delayed this year than in 2012 and 2013, particularly at 237 and 575 m a.s.l.
We found that temperature delays bud development in both sexes, and our findings are in line with a field study of poplar (Rohde et al. 2011a ). Opposite to our findings, studies under controlled conditions have found that bud development under SD is accelerated by high night temperature (Van der Veen 1951 and high day temperature (Granhus et al. 2009 ). This discrepancy may be related to the conditions in which temperature-mediated modulation of CDLsensing occurs. Under constant SD in controlled conditions, high temperatures may increase the rate of bud formation induced by day-length, as temperature does for other growth-related processes. It is thus possible that temperature modulation of Significance levels: *P < 0.05, **P < 0.01, ***P < 0.001.
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CDL-sensing occurs under a set of natural climatic conditions that are difficult to simulate in controlled environments. It is also possible that constant day lengths in some experimental conditions are substantially shorter than the CDL for a given species and genotype, and the SD signal would override any possible modulating effects of temperature on CDL-sensing. Furthermore, artificial climatic regimes commonly include abrupt shifts in temperature and a light climate different from sunlight, while our field experiments were performed under fluctuating temperatures and gradual shifts in duration and spectral composition of sunlight. In this regard, it should also be noted that our data analyses differ substantially from the controlled studies of bud formation Tree Physiology Online at http://www.treephys.oxfordjournals.org mentioned above, both in terms of statistical approaches and how different temperature regimes have been accounted for. In addition, there is substantial variation among studies in terms of plant stage and duration of experiments. In our study, plantlets were grown and observed for at least 12 weeks in field conditions. In comparison, Mølmann et al. (2005) and Granhus et al. (2009) observed bud development for 9 weeks in micropropagated plants and 1-year-old seedlings, respectively. For Betula pendula, Quercus robur and Fagus sylvatica, temperature responses in one season have been shown to affect later phenological shifts (Fu et al. 2012) . As micropropagated plants descending from adult trees have been exposed to different climates over time, it cannot be excluded that previous acclimation may affect responses to climate during experiments. Experimental use of seedlings may also involve complications associated with acclimation, as local temperature and light conditions during seed development of Norway spruce have been shown to affect bud formation of the progeny (Johnsen et al. 2005a (Johnsen et al. , 2005b . As the formation of apical buds is a means of protecting the apical meristem and leaf primordia against harsh environmental conditions, delayed bud formation during autumn results in an extended growth period, and thus, increased risk of frost damage. This could occur in warm autumns, where bud development has been delayed by high temperatures, resulting in apical meristems being more prone to frost damage. Indeed, rapid shifts to subzero temperatures in autumn are quite common at high latitudes, as recorded on 1 September 2013 (Day 244) (see Figure S1 available as Supplementary Data at Tree Physiology Online). For some species of Populus, males tend to be more growth-oriented than females (Lloyd and Webb 1977) . The higher probability of P. tremula males delaying phenology with warming may favour aboveground branching, and thus increased light interception in following years. Even though males appear to compensate for this delay by faster bud maturation, this may involve higher susceptibility to frost damage. Bud maturation is associated with starch accumulation in the buds, whose conversion to sugars increase freezing tolerance (Rinne et al. 1994 , Lipavská et al. 2000 . As longer maturation periods may yield higher starch content in the buds, a shorter maturation period in males could potentially involve lower freezing tolerance than in females. During the elevational gradient experiments, we also observed that buds formed at 237 m a.s.l. were generally larger than those at higher elevations. This may be related to the increased number of leaf primordia during bud maturation under elevated temperature, as reported, e.g., for Norway spruce (Olsen et al. 2014 ).
In conclusion, our findings show that autumnal bud formation is significantly delayed with increasing temperatures, and that this is best explained by maximum day temperature. It is uncertain whether plantlets would have been similarly affected in consecutive years, as warming effects may influence phenological shifts in subsequent seasons (Hänninen and Tanino 2011) . Also, the timing of phenology in juvenile plantlets may differ substantially from adult trees (Augspurger and Bartlett 2003) . Even so, our study of autumn tree phenology differs from a range of previous studies in being performed outdoor under natural climate fluctuations. Our data indicate that the stages of bud development are affected differently by temperature in a manner that reduces the delay in bud formation for males. On one hand, the appearance of closed green buds was significantly more delayed by temperature in males than females, while on the other hand, male buds also matured faster once closed bud scales appeared. Whether such plasticity of phenological transitions do reflect different growth and survival strategies under fluctuating climates remains unclear, and would require further studies along a wider range of environments. There is concern for the possible consequences of sex-related differences in climate change responses (Tognetti 2012) , and further research on this topic could reveal which growth strategies are favoured under past, present and future climate change.
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